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BIKDING ASSAY 

Field of the T-nwnt-TnTi 

The present invention relates to binding assays, eg for 
determining the concentration of analytes in liquid 
samples . 

Backgr ^^-'^TirT h p the Invention 

It is known to measure the concentration of an analyte, 
such as a drug or hormone, in a liquid sample by contacting 
the liquid with a binding agent having binding sites 
specific for the analyte, separating the binding agent 
having analyte bound to it and measuring a value 
representative of the proportion of the binding sites on 
the binding agent that are occupied by analyte (referred to 
as the fractional occupancy) - Typically, the concentration 
of the analyte in the liquid sample can then be determined 
by comparing the fractional occupancy against values 
obtained from a series of standard solutions containing 
known concentrations of analyte. 

In the past, the measurement of fractional occupancy has 
usually been carried out by back- titration with a labelled 
developing reagent using either so-called competitive or 
non-- competitive methods* 

In the competitive method, the binding agent having analyte 
bound to it is back-titrated, either simultaneously or 
sequentially, with a labelled developing agent, which is 
typically a labelled version of the analyte. The 
developing agent can be said to compete for the binding 
sites on the " binding agent with the analyte whose 
concentration is being measured. The fraction of the 
binding sites which become occupied with the labelled 
analyte can then be related to the concentration of the 
analyte in the liquid sample as described above. 
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In the non- competitive method, the binding agent having 
analyte bound to it is back-t itrated with a labelled 
developing agent capable of binding to either the bound 
analyte or the occupied binding sites on the binding agent. 
The fractional occupancy of the binding sites can then be 
measured by detecting the presence of the labelled 
developing agent and, just as with competitive assays, 
related to the concentration of the analyte in the liquid 
sample as described above . 

In both competitive and non- competitive methods, the 
developing agent is labelled with a marker. A variety of 
markers have been used in the past, for example radioactive 
isotopes, enzymes , chemilumine scent markers and fluorescent 
markers . 

In the field of immunoassay, competitive immunoassays have 
in general been carried out in accordance with design 
principles enunciated by Berson and Yalow, for instance in 
"Methods in Investigative and Diagnostic Endocrinology" 
(1973), pages 111 to 116, Berson and Yalow proposed that 
in the performance of competitive immunoassays, maximum 
sensitivity is achieved if an amount of binding agent is 
used to bind approximately 3 0 to 5 0% of a low concentration 
of the analyte to be detected. In non- competitive 
immunoassays, maximum sensitivity is generally thought to 
be achieved by using sufficient binding agent to bind close 
to 10 0% of the analyte in the liquid sample. However, in 
both cases immunoassays designed in accordance with these 
widely accepted precepts require the volume of the sample 
to be known and the amount of binding agent used to be 
accurately known or known to be constant* 

In International Patent Application WO84/01031, I disclosed 
that the concentration of an analyte in a liquid sample can 
be measured by contacting the liquid sample with a small 
amount of binding agent having binding sites specific for 
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the analyte. In this method, provided the amount of 
binding agent is small enough to have only an insignificant 
effect on the concentration of the analyte in the liquid 
sample, it is found that the fractional occupancy of the 
5 binding sites on the binding agent by the analyte is 

effectively independent of the volume of the sample. 

This approach is further refined in EP3 04,202 which 
discloses that the sensitivity and ease of development of 
10 the assays in W084/01031 is improved by using an amount of 

binding agent less than 0-lV/K moles located on a small 
area (or "microspot") of a solid support, where V is the 
volume of the sample and K is the equilibrium constant of 
the binding agent for the analyte . 

15 

In WO93/08472, I disclosed a method of further improving 
the sensitivity of binding assays by immobilising small 
amounts of binding agent at high density on a support in 
the form of a microspot . In this assay, a developing agent 

2 0 comprising a microsphere containing a marker, eg a 

fluorescent dye, is used to back- titrate the binding agent 
after it has been contacted with the liquid sample 
containing the analyte. As the microsphere can contain a 
large number of molecules of fluorescent dye, the 

25 sensitivity of the assay is improved as the signal from 

small amounts of analyte can be amplified. This 
amplification permits sensitive assays to be carried out 
even with microspots having an area of Imm^ or less and a 
surface density of binding agent in the range of 100 0 to 

30 100000 molecules /^m^ * 

gnTTTTTijai rv of the Invent ion 

The present invention provides a method, device and test 
35 kit for carrying out a binding assay in which binding agent 

having binding sites specific for a given analyte in a 
liquid satrple is immobilised in a test zone on a solid 
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support, the binding agent being divided into an array of 
spatially separated locations in the test zone, -wherein the 
concentration of the analyte is obtained by integrating the 
signal from the locations in the array* 

5 

Accordingly, in one aspect, the present invention provides 
a method for determining the concentration of an analyte in 
a liquid sample comprising; 

(a) locating binding agent having binding sites 
0 specific for the analyte in a test zone on a solid support, 

the binding agent being divided into an array of spatially 
separated locations; 

(b) contacting the support with the liqxiid sample so 
that a fraction of the binding sites at each location 
become occupied by analyte; 

(c) measuring a value of a signal representative of 
the fraction of the binding sites occupied by the analyte 
for each individual location in the array; 

(d) integrating the signal value obtained for each 
location in the array to provide an integrated signal; and, 

(e) comparing the integrated signal to corresponding 
values, obtained from a series of standard solutions 
containing known concentrations of analyte, to determine 
the concentration of the analyte in the liquid sample, 

Thus^ in the present invention, the values of the signal 
from an array of locations in the test zone are used to 
determine the concentration of a single analyte. This is 
in contrast to the approach described in EP304,2 02, in 
which the signal produced at a single location is used to 
determine the concentration of an analyte. 

The array of locations of binding agent in the test zone 
can be viewed sequentially, eg using a conf ocal microscope, 
and the signal value from each location integrated to 
provide the integrated signal. Alternatively, the array of 
locations of binding agent in the test zone can be viewed 
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together, eg using a cHarge coupled device (CCD) camera, 
with the signal values from each location being measured 
simultaneously. 

5 preferably, the signals representative of the fraction of 

the binding sites occupied by binding agent at each 
location are measured by back- titrating the binding agent 
with a developing agent having a marker, the developing 
agent being capable of binding to unoccupied binding sites, 
10 bound analyte or to occupied binding sites in a competitive 

or non- competitive method, as described above. 

The marker on the developing agent can be a radioactive 
isotope, an enzyme, a chemi luminescent marker or a 

15 fluorescent marker. The use of fluorescent dye markers is 

especially preferred as the fluorescent dyes can be 
selected to provide fluorescence of an appropriate colour 
range (excitation and emission wavelength} for detection. 
Fluorescent dyes include coumarin, fluorescein, rhodamine 

20 and Texas Red. Fluorescent dye molecules having prolonged 

fluorescent periods can be used, thereby allowing time- 
resolved fluorescence to be used to measure the strength of 
the fluorescent signal after background fluorescence has 
decayed. Advantageously, marker can be incorporated within 

25 or on the surface of latex microspheres attached to the 

developing agent. This allows a large quantity of marker 
to be associated with each molecule of developing agent, 
amplifying the signal produced by the developing agent. 

3 0 Preferably, the locations are microspots and the assay is 

carried out using 4-40 (or more) microspots for each 
individual analyte, each microspot having an area less than 
10000^m=, the microspots being separated from each other by 
a distance of 100-1000^^^. The locations within the array 

35 are referred to as »^mini-microspots" in the relevant parts 

of the description that follow. 
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The present invention also allows the concentration of a 
plurality of analytes to be determined simultaneously by 
providing a plurality of test zones, each test zone having 
inmobilised in it a total amount of binding agent having 
5 binding sites specific for a given analyte in a lic[uid 

sample, the binding agent being divided into an array of 
spatially separated locations in the test zone . 

Preferably, in accordance with EPS 04, 2 02, the total amount 
0 of binding agent in each array that is specific for a given 

analyte is less than 0.1 V/K moles, where V is the volume 
of the sample applied to the test zone and K is the 
association constant for analyte binding to the binding 
agent. This ensures that the "ambient analyte" conditions 
described in W083/ 01031 are fulfilled regardless of the 
analyte concentration . 

One way of immobilising binding agent on a support at a 
discrete location such as a microspot is to use technology 
comparable to the techniques used in ink- jet or laser 
printers, in the case of microspots typically providing 
spots having diameter of about 80^m. Alternatively, if 
larger locations are required, a micropipette can be used 
to control the amount of binding agent immobilised at a 
location on a support. 

The present invention is based on the observation that as 
the area of a microspot is reduced from a high value, such 
as 5mm^ towards zero, the sensitivity of the binding assay 
(represented by the lower limit of detection) reaches a 
maximum when the microspot reaches a small, but finite 
area, typically around O.lmm^. Further reducing the area of 
microspot leads to a reduction in the sensitivity of the 
binding assay. However, sensitivity is enhanced by 
subdividing a microspot of any given area into multiple 
mini -microspots , such that the total coated area occupied 
by the mini-microspots , and hence the total amount of 
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binding agent reniains the same . 

In addition, the use of an array of tnicrospots for each 
individual analyte allows the user to determine whether the 
value obtained for any given microspot is in error by 
comparison with other microspots in the array. 

In a further aspect, the present invention provides a 
device for deteirtnining the concentration of one or more 
analytes in a liquid sample, the device comprising a solid 
support having one or more test zones, each test zone 
having immobilised in it an amount of binding agent having 
binding sites specific for a given analyte in a liquid 
sample, "the binding agent being divided into an array of 
spatially separated locations in the test zone, wherein the 
concentration of a given analyte is obtained by integrating 
signal values from each location in the array. 

In a further aspect, the present invention provides a kit 
for determining the concentration of one or more analytes 
in a liquid sample, the kit comprising: 

(a) a device comprising a solid support having one or 
more test zones, each test zone having immobilised in it an 
amount of binding agent having binding sites specific for 
a given analyte in a liquid sample, the binding agent being 
divided into an array of spatially separated locations in 
the test zone; and, 

(b) one or more developing agents for determining the 
fraction of the binding sites of the binding agent 
occupied by a given analyte, the developing agents having 
markers, the developing agents being capable of binding to 
bound analyte, or unoccupied or occupied binding sites of 
the binding agent ; 

wherein the concentration of a given analyte is 
obtained by integrating signal values from the markers of 
the developing agent at each location in the array. 
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Brief Description of tlie Drawincys 

The unexpected observation of a microspot area yielding a 
maximum sensitivity is thought to arise because a number of 
5 opposing effects combine to produce this outcome. These 

effects are explained with reference to the accompanying 
figures in. which: 

Figure 1 represents how the sensitivity of a binding 
assay typically changes with area of microspot at constant 
10 binding agent density; 

Figure 2 represents the typical variation in signal- 
to-noise ratio as the area of a microspot changes; 

Figure 3 represents how diffusion constraints on 
analyte binding to the binding agent change as the area of 
15 the microspot changes; 

Figure 4 shows how the error in signal measurement 
changes as the area of the microspot changes; 

Figure 5 shows a comparison between the microspot 
array of the present invention and a single microspot of 
20 the prior art; and 

Figure 6 shows binding agent immobilised as an array 
of lines in an alternative embodiment of the invention. 

Detailed Deacriration 

25 

Note that in figures 1 to 4 , the exact shape of the curves 
shown will depend on a number of parameters, including the 
physico-chemical properties (ie association and 
dissociation rate constants) of the binding agent, the 
3 0 viscosity of the analyte containing solution to which the 

microspot is exposed, the specific activity of the label 
used, etc. 

In all the figures, value A denotes the area of a microspot 
35 typically used in the prior art (typically Imm^) . In all 

the figures, the density of binding agent is kept constant. 
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Figure 1 sliows the experimentally observed variation of 
sensitivity as the area of a microspot is reduced. In the 
present context, sensitivity can be defined as the lower 
limit of detection which is given by the error (s.d) with 
which it is possible to measure zero signal. As figure 1 
shows, as the area is reduced from value A, the sensitivity 
of the binding assay reaches a maximum and then declines as 
the area of the microspot is further reduced towards zero. 

Some of the opposing factors leading to this observation 
are depicted in figures 2 to 4. 

Figure 2 shows how the signal-to-noise ratio associated 
with the measurement of the occupancy of the binding sites 
of the binding agent changes as the size of the microspot 
decreases towards zero, assuming equilibrium has been 
reached. As microspot area is reduced from value A, the 
fractional occupancy of the binding sites of the binding 
agent reaches a plateau value as the concentration of 
binding agent falls below 0.01/K. Therefore, the signal- 
per unit area from markers on developing agent used to 
measure the occupancy of ■ the binding sites by analyte will 
also reach a plateau. As the background noise per unit 
area remains approximately constant, so the signal-to-noise 
ratio will likewise increase to a plateau value as the 
concentration of binding agent falls below 0*01/K, 

Figure 3 shows how diffusion constraints change as the area 
of a microspot is reduced. "Diffusion constraints" 
restrict the rate at which analyte migrates towards and 
binds to the binding agent. As Figure 3 shows ^ the 
diffusion constraints decrease as microspot size decreases, 
ie the kinetics of the binding process are faster for 
smaller microspots , implying that thermodynamic equilibrium 
in the system is reached more rapidly. 
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On^a molecular levels this phenomenon can be pictured as 
follows. When a microspot containing binding agent is 
placed in a liquid sample containing analyte, the binding 
agent binds analyte, depleting the local concentration of 
5 the analyte as compared to the liquid sample as a whole. 

This leads to a concentration gradient being established in 
the vicinity of the microspot until thermodynamic 
equilibrium is reached. This process is found to be slower 
for larger microspots the diffusion constraint being 
10 approximately proportional to microspot radius . When the 

occupancy of the binding sites on the binding agent has 
reached an equilibrium value ^ the concentration of analyte 
in the liquid sample is uniform. However, equilibrium is 
reached more rapidly in the case of microspots of smaller 
15 size, implying that, for any incxibation time less than that 

required to reach equilibrium in the case of the larger 
spot, the fractional occupancy of the binding sites on the 
smaller spot is greater. 

However, as microspot area decreases, so the amount of 
binding agent and the level of signal from developing agent 
will likewise decrease. This leads to an increase in the 
statistical errors in the measurement of the signal from a 
marker on a developing agent , which tend to infinity as the 
microspot area tends to zero (see figure 4) . 

It can be seen that a consideration of the signal-to-noise 
ratio and diffusion constraints indicate an increase in the 
sensitivity of a binding assay as the area of a microspot 
is decreased. However, these factors are opposed by an 
increase in the statistical error of signal measurement as 
the microspot area decreases. These factors combine to 
produce the observed variation of sensitivity with 
microspot area shown in figure 1. Thus, the overall 
consequence is that, as microspot area falls to zero, the 
binding assay becomes totally insensitive. 



20 



25 



30 



35 
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However, it is desira±)le to develop sensitive miniaturised 
binding assays using microspots of the smallest possible 
size containing vanishingly small amounts of binding agent, 
that have rapid kinetics to minimise the time taken to 
5 carry out the assay . 

The present invention improves sensitivity and reduces 
binding assay incubation times by exploiting the 
contradictory effects discussed above to maximal advantage. 

10 This is done by sub-dividing the total amount of binding 

agent into an array of spatially separated locations such 
as "mini -microspots " , to reduce diffusion constraints, and 
integrating the signals representative of the fractional 
occupancy of binding agent at each location to obtain a 

15 total signal greater than would have been achieved by using 

a single microspot equal in area to the total area occupied 
by the minimicrospots comprising the minimi crospot array. 

This implies, inter alia, that the total amount of binding 
20 agent used can be made even smaller than in the prior art 

where a balance between kinetics and signal-to-noise 
relative to statistical errors had to be made to optimise 
sensitivity* The present invention therefore can improve 
the signal-to-noise ratio associated with measuring the 
25 analyte bound to binding agent, whilst reducing the 

diffusion constraints associated with each microspot in the 
array. Moreover, the increasing statistical errors 
observed in the prior art as microspot size is reduced are 
obviated, as the signal generated from the occupied binding 
30 sites by analyte in the individual microspots is integrated 

over the array to provide an integrated signal; thereby 
retaining the signal measurement advantage observed for 
larger microspots. 

35 Figure 5 illustrates how a single microspot of the prior 

art can be divided into an array of 25 microspots 
containing an equivalent total amount of binding agent. 
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Nevertlieless, otiier arrangements or geometries of binding 
agent providing assays yielding the same benefits can be 
envisaged, see for instance figure 6 which shows binding 
agent immobilised as lines forming a grid {see the shaded 
5 areas) . This configuration likewise has the effect of 

reducing the diffusion constraints whilst maintaining the 
total area coated with binding agent (eg an antibody) to 
obviate the increasing statistical errors and associated 
loss of sensitivity observed as the amount of binding agent 
10 is reduced. 

The amount and distribution of the binding agent in the 
locations comprising the array depends on a variety of 
factors including the diffusion characteristics of the 

15 analyte, the nature and viscosity of the liquid sample 

containing the analyte and the protocol used during 
incubation. However, given the guidance here the skilled 
person can readily determine, either experimentally or by 
computer modelling, the optimal arrangement or geometry of 

20 array for any given binding assay. 

Conjugation of Anti-TSH Mouse Monoclonal Antibody to 
25 Fluorescent Hydrophilic Lates Microspheres 

1. lOmg of fluorescent hydrophilic latex microspheres in 
0.5ml double distilled water were added to O.Sml of 1% 
Tween20, shaken for 15 min at room temperature and 
30 centrifuged at 8°C for lOmin at 20,000rpm in a TSE High- 

Spin 2 0 ultracentrif uge , 

.2, The pellet was dispersed in 2ml of 0.05M MES (2- [N- 
Morpholino] ethanesulf onic acid) buffer, pH6 . l and f 
centrifuged, 
35 3. Step 2 was repeated. 

4. The pellet was dispersed in 0.8ml MES buffer, 

5, 2mg of anti-TSH monoclonal developing antibody in 
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100/xl were added to the microspheres and shaken for iSmin" 
at room temperature, 

6. 100/il of 0*25% ethyl-3 (3-dimethyl amino) propyl 
carbodimide hydrochloride were added to the mixture and 

5 shaken for 2 hours at room temperature. 

7. lOmg glycine in lOO/xl of MES buffer were added to the 
mixture, shaken for a further 3 0min and centrifuged. 

8 . The pellet was dispersed in 2ml of 1% BSA, shaken for 
1 hour at room temperature and centrifuged, 

10 9- The pellet was dispersed in 2ml of -1% BSA, shaken for 

1 hour at room temperature and centrifuged. 

10. The pellet was dispersed in 2ml of O.IM phosphate 
buffer, pH7.4 and centrifuged, 

11. Step 10 was repeated twice. 

15 12 . The pellet was dispersed in 2ml of 1% BSA containing 

0,1% sodium azide and stored at 4''C. 



CosiparisoxL of Kinetics of Micro Versus Mini -micro Capture 
Antibody Microspots in a Sandwicli TSH Assay 

20 

1. Anti-T£H capture antibody microspots {diameter 1.1mm, 
area=10^^m^) were made by depositing 0 . 5/il of 200/ig/ml 
antibody solution on each of 16 Dynatech black iViicroFluor 
Microtitre wells, the droplets were aspirated immediately, 

25 the wells blocked with SuperBlock from Pierce for 30min at 

room temperature and washed with 0 . IM phosphate buffer, 
pH7 , 4 . ' 

2, The mini-microspots (diameter 0.16mm) were made using 
30 an piezoelectric ink-jet print-head with an anti-body 

solution concentration of img/ml and droplets of 
approximately lOOpl for an array of 49 (7x7) mini- 
microspots per microtitre wells (total coated antibody area 
= lO^firn^) for 16 wells. The wells were blocked with 
35 SuperBlock and washed with phosphate buffer as above. The 

coated antibody density for both micro and mini-microspots 
are estimated to be 2 x 10^IgG/f:m^. 
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3- 200^1 of plasma containing l;iU/ml of TSH was added to 
all the microtitre wells and shaken at room temperature. 
At 30, 60, 120 min and 18 hours (overnight), four wells 
containing the microspots and mini-microspots were washed 
with phosphate buffer containing 0*1% Tween20, then 
incubated with 20 0^1 of anti-TSH developing antibody 
conjugated to hydrophilic latex microspheres in Tris-HCl 
buffer {50;ig/ml) for 3 0 min at room temperature and washed 
with phosphate-Tween20 buffer. The wells were then scanned 
with a laser scanning confocal microscope equiped with an 
Argon /Krypton laser. 

Results 



Sample 
incubation 
tliaes (mins) 



Total Fluorescent Signal (arbitrary units) 
Microspot Mini -micro spot 



30 



S5±7 



111+13 



60 



118±15 



149+16 



120 



141+21 



178+16 



Overnight 



185+20 



191±23 



Conclusion 



Significantly higher mean responses were observed between 
3 0 and 120 mins in the mini-micro spot samples, while the 
overnight controls did not show significant differences. 
This demonstrates that the mini-microspots have faster 
kinetic for the association of analyte with the capture 
antibody, and could be used to reduce incubation times. 
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CLAIMS 

1 . A method for determining the concentration of an 
analyte in a liquid sample comprising: 

(a) locating binding agent having binding sites 
specific for the analyte in a test zone on a solid support, 
the binding agent being divided into an array of spatially 
separated locations; 

(b) contacting the support with the liquid sample so 
that a fraction of the binding sites at each location 
become occupied by analyte; 

(c) measuring a value of a signal representative of 
the fraction of the binding sites occupied by the analyte 
for each individual location in the array; 

(d) integrating the signal value obtained for each 
location in the array to provide an integrated signal; and^ 

(e) comparing the integrated signal to corresponding 
values, obtained from a series of standard solutions 
containing known concentrations of analyte, to determine 
the concentration of the analyte in the liquid sample. 

2. A method according to claim 1 wherein the fraction of 
the binding sites occupied by the analyte is measured by 
back- titrating the binding agent with a developing agent 
labelled with a marker, the developing agent being capable 
of binding to unoccupied binding sites, to bound analyte or 
to the occupied binding sites, the marker providing the 
values of signal representative of the fraction of the 
binding sites occupied by analyte. 

3 . A method according to claim 1 or claim 2 wherein the 
binding agent is immobilised in an array of between 4 and 

4 0 locations. 

4 . A method according to any one of the preceding claims 
wherein the locations have an area of about lOOOO^im^, the 
locations being separated from each other by a distance of 
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100 to lOOO^in* 

5, A method according to any one of the preceding claims 
wherein the total amount of binding agent in a test zone is 

5 less than 0 . IV/K moles, where V is the volume of the liquid 

sample and K is the association constant for analyte 
binding to the binding agent , 

6 , A method according to any one of the preceding claims 
10 for determining the concentration of a plurality of 

different analytes in the liquid sample, using a plurality 
of binding agents, each binding agent having binding sites 
specific for a given analyte and being immobilised as an 
array of locations. 
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7 , A method according to any one of the preceding claims 
wherein the binding agent is an antibody having binding 
sites for an antigen or an oligonucleotide capable of 
binding to a nucleic acid analyte. 



8 . A kit for determining the concentration of one or more 
analytes in a liquid sample, the kit comprising: 

(a) a device comprising a solid support having one or 
more test zones, each test zone having immobilised in it an 

25 amount of binding agent having binding sites specific for 

a given analyte in a liquid sample, the binding agent being 
divided into an array of spatially separated locations in 
the test zone; and, 

(b) one or more developing agents for determining the 
30 fraction of the binding sites of the binding agent 

occupied by a given analyte, the developing agents having 
markers^ the developing agents being capable of binding to 
bound analyte, or unoccupied or occupied binding sites of 
the binding agent 
35 wherein the concentration of a given analyte is 

obtained by integrating signal values from the markers of 
the developing agent at each location in the array. 
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9 . A device for determining the concentration of one or 
more analytes in a liquid sample, the device comprising a 
solid support having one or more test zones, each test zone 
having immobilised in it an amount of binding agent having 
binding sites specific for a given analyte in a liquid 
sample, the binding agent being divided into an array of 
spatially separated locations in the test zone, wherein the 
concentration of a given analyte is obtained by integrating 
signal values from each location in the array* 



95ie377AlJ_> 



wo 95/18377 



PCT/GB94/02814 



Sensitivity 




Stgnal/Noise 
ratio 



Area of micro spot 




Area of micraspot 



Fig. 2. 



SUBSTITUTE SHEET (RULE 26) 



BNSDOCED: <WO 951 B377A1_E_> 



wo 95/18377 



PCT/GB94/02814 



2/3 



Diffusion 
constraints 




0 A 

Area of microspof 

Fig.3. 



Error in signal 
measurement 




0 A 



Area of microspot 
(Analyte molecules bound to microspot(N)) 

Fig.U. 

SUBSTITUTE SHEET (RULE 26) 

BNSDOCID; <WO 95ia377Al_l_> 



wo 95/18377 



PCT/GB94/02S14 



o o o o o 



3/3 



o 
o 
o 



o o o o 



Q Q 0 Q Mini mi crospof array 



o o o 



o 



minrmicrospof radius = r 
numbers N 



o o o o o 



Fig,5. 




Equivalent- microspof 
microspot radius = r = r/N 





/ 




/ 
/ 










/ 






r-T7 — >' 




/ 
















■ / ^[ 








/ 
/ 




* 




■■ / „ 7 








* 






* 












* 










* 




■ 


■ 






/ / /I 
^ y J 










Z.Z.J' 










* 




















** 


' ■ 


E 


L 


H 




n 


1 



SUBSriIUTE SHEET (RULE 26) 



BNSDOCID: <WO 95ie377A1_l_> 



INTERNATIONAL SEARCH REPORT 



Inccma' 1 Application No 



■^ifT/Gg 94/02814 



A. CLASStFICATfON OP SUBJECT MATTER 

G 01 N 33/543, C 12 Q 1/68, //G 01 N 33/78 

Accorciing co InientAtional Patent Qapifieaaon (IPC) or to both natipnal classification and [PC 



n. FIELDS SEARCHED 



Minimum doctimcatation scardi«i (daaification syinem foHowed by dassiiicatian symbols) 

G 01 N,C 12 Q 



Documentation searched oth<r than xnimmuin documeiiLation to the extent that such docujTi«its arc included in the Twlds reardied 



EkctroFiic data base consulted during the inccmadonai search (name of data baie and, where practical, search Ccrnu us«J) 



C, DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Qladon of document, T«th indication, where appropriate^ of the relevant passages 



Relevant to claim No, 



WO, A, 88/01 058 

(EKINS) 11 February 1988 

(11. 02. 88) . 
abstract; claims. 

WO, A, 93/08 472 

(MULTILYTE LIMITED) 

29 April 1993 (29.04.93), 

the whole document 

{cited In the application) 

EP, A, 0 304 202 

(EKINS) 22 February 1989 

(22. 02. 89) , 

the whole document 

(cited in the application) 



1.2,8 



1,2,7, 
8 



1,2,5. 
8 



□ 



Further documents are listed in {he cononuation of box C. 



□ 



Paicnt family members arc listed in annex. 



* Special categories of cited documents ; 



•A 



document defining die general state of the art which is not 
considered lo be of particular relevance 
'E' earlier document but published on. or after the international 
fifing date 

'L' document w^hich may throw doubu on priority daim^s) or 
which IS ated to esuiaiish the pubUcatjon date of another 
□lation or other special rcaion (as specified) 

"O* doctiment refemng lo in oral disclosure, use, exhibition or 
other means 

'P' document published prior to the intemaaonal filing date but 
later than the pnority date claimed 



'T' later document published after the intemaiianal filing date 
or prioniy dale and not in conflict with the appUcaaon but 
d ted to understand the prineiplc or theory underlying the 
invenci on 

*X* documentor particular relevance; the daimcd invention 
cannot be eonadered novel or cannot be considerctl Id 
involve an inventive iiep when the document is Ciken alone 

' Y" docximent of particular reievance; the daimed inventioa 
taimoi be considered to involve an inventive step when ihe 
document is combined wiih one or more other luch docu- 
mcnta. such combination being obvious to a person sldiled 
in the arc 

document rnember of the same patent Tanuly 



Date of the actual completion of the intcrruiional search 

06 March 1995 



Date of mailing of the international search report 



2 9. 03. 95 



Name ajid mailing address of the ISA 

Eiaropean Patent Office^ P.O. 531 S Patentiaan 2 
NL - 22S0 HV RJiswiilc 
Tel. (+ 3(-7a> 340^2040, TxL 31 451 cpo ni, 
Fajc { + 31-70) 340-3016 



Aulhonzed officer 

SCHNASS e,h. 



Form PCT/tSA^QlO (tccflnd iheti) (Juty I99i} 



BNSDOCrD: <WO. 



95ie377A1_l..=- 



zm internationaien flDcha^chen- 
bericht uhsr die internatianale 
Paten tanmel dung Nr. 



to the Internatianal Search 
Reoort to the International 
ftpplication No, 



Patent 



au rapport de recherche inter- 
nationai relatH ^ la deeanda brevet 
internatimal n" 



FCT/GB *74/02S14 SAE 101S15 



In diesam Anhang sind die HitgliEdEr 
der PatentfaRiilien der in ahenae- 
nannten internationaien Recherchenberi cht 
angefOhrten Patent dokujiiente angegeben, 
Diese Anaaben dienen nur zur Uhter- 
richtung und er-Folgen ohne Gewahr. 



This Annex lists the patent family 
(nanjfaers relating to the patent docuflents 
cited in ths above-iBentioned inter- 
national search report. The DHice is 
in no way liable -far these particulars 
which are given merely -for the purpose 
inforfflation. 



La present B annexe indique Jes 
mefflbres de la famille de brevets 
relati^s aux dQcuaa^ts de brevets citfis 
dans Ic rapport de recherche inter- 
national visie ci-dessus. Les reseigne- 
inents fournis sent donnSs A titre indica- 
ti^ et n'enoagent pas la responsibility ' 
de roffice. 



Im Recherchenbericht 
angefuhrtes PatentdakuiJient 
Patent docuflient cited 
in search report 
Doctiment de brevet cit§ 
dans le rapport de recherche 



Datuin der 
Verof-fentlichung 
Publication 
date 
Date de 
publication 



Mitgiiedier^ der 
Patentfamilie 
Patent family 
me^nber (sJ 
liedsre(5) de la 
faaille de brevets 



Datum der 
Verfiffentlichung 
Publication 

date 
Date de 
publication 



1 1-02-Sa 



WO Al 9308472 



EP 


A.t 


271974 


EP 


Bl 


271974 


AT 


E 


86305 


AU 


Aj. 


77559/87 


AU 


B.2 


*b 14935 


DK 


A 


1Q3O/80 


Dh:: 


AO 


J.930/SQ 


FI 


A 


090526 


FI 


AO 


890526 


FI 


B 


92SQ1 
928a 1 


FI 


C 


JP 


T2 


1503405 


MO 


A 


S81241 


ND 


AO 


881241 


MD 


B 


172517 


NO 


C 


172517 


US 


A 


5171695 


OA 


Al 


1294620 
3704465 
3784465 
31B491 


DE 


CO 


DE 


T2 


EP 


a:l 


E5 


T3 


2039444 


BB 


AO 


S619206 
S705e25 


2A 


A 


AT 


E 


78101 


AU 


Al 


22534/S8 


AU 


Ei2 


625052 
eG07644 
1334278 


BR 


A 


CA 


Al 


DE 


CO 


3872621 


DK 


AO 


293/90 


DK 


A 


293/90 
304202 


EP 


Al 


EP 


Al 


375700 


EP 


Bl 


3042O2 


FI 


AO 


900557 


HU 


AO 


B84720 


HU 


A2 


54239 


NO 


A 


90OS34 


NO 


AO 


900534 


WO 


Al 


8901 157 


ZA 


A 


SQ05825 


DE 


T2 


3372621 


DK 


B 


164944 


DK 


C 


164944 


ES 


T3 


2034245 
92110 


FI 


B 


FI 


C 


92110 


GB 


AO 


8803000 


JP 


T2 


35030S1 



EP Al 



304 20^ 



29-'04-93 



22-~02"89 



GB AO 9221094 

AU Al 28720/92 

EP Al 608370 

GB AO 9121873 



WO Al 

AT E 

AU Al 

AU Al 

AU B2 

AU B2 

BR A 

CA Al 



8BO105S 
78101 
77559/87 
22534/Sa 
614935 
625052 
SS07644 
1334278 



03 
15 
24 
19 
05 
05' 
03 
03' 
30 
10 
16 
21 
21 
19 
28 
15- 
04 

oa- 

17 
07- 
01 
17^ 
27 
15" 
01' 
02- 
07' 
07- 
13- 
05" 
05- 
22" 
04- 
OB- 
05' 
28- 
28- 
05- 
05- 
09- 
26- 
18" 
14- 
01-- 
Oi- 
ls- 
26 
09- 
1 1- 



'06-S8 
-03-93 
■03"'9/^ 
'02-88 
-09-91 
"04*-SS 
'04-88 
-02-Q9 
02~G9 
-09-94 
01 --95 
"11-89 
'03-88 
'03-SB 
04--93 

-12-92 
-"06-91 
-04-93 
-06--93 
--06-89 
"10-93 
-09-B6 
■™04-S8 
"07-92 
-03-89 
-07™92 
-Oa-90 
-02-95 
"-08-92 
-02-90 
--04-90 
-02-39 
-07-90 
"07-92 
-02-90 
-09-90 
-01-91 
02-90 
"02--90 
•02-89 
-04-89 
'02-93 
-09-92 

02- 93 
-04-93 
■06-94 
-09-94 

03- 88 
*07"91 



18- 1 1-92 
21--05-93 
03-08'-'94 
27--- 11-91 

1 1-02-88 
15-07-92 
24-02-88 

01- 03-89 

19- 09-91 

02- 07--92 
07-0B-'90 
07-02-95 



BNSDOCID: <WO 951 e377A1J_> 



PCT/GB 94/02814 



DE 

DK 


CO 


387262."^ 


13-0B-92 


A 


1 a30/SL 


O5-04-SS 


DK 


AO 


1830 /as 


05-04-SS 


DK 


AO 




05-02-90 
05-04-90 


DK 


A 


293/90 


C.P 


Al 


3757O0 


O4-07-90 


ClP 


B 1 


.::*0-4202 


00—07-92 


FI 


A 


/ 

S90526 


03"02-B9 


f T 

r I 


AC? 


03-02-S9 


I— _. 
P J. 


AO 


900557 


05— 02— 90 


i_ii 1 


AO 


B8472U 


28--09-90 


fill 
HU 


A2 


54239 


28-01-91 


NO 


A 


9U0534 


05"02"-90 


IMU 


AO 


900534 


05-02-90 


i.in 


Al 


SvOl 157 
S805S25 


09— 02— 89 


-J i\ 


A 


26— 04-89 


t=.H 


A 1 


3 1B491 


07— 06-S9 


r 1 




v2BQl 


30*-u9-94 


f T 

F I 


C 


92881 


10-01-95 


JP 


1 2 


1503405 


16-1 1-89 


WD 


A 


881241 


21-03"Be 


Kin 


AO 


BB124 1 


21-03-SB 


K in 


B 


17251 7 


19'"04'"93 


PJCJ 


Lr 


1 725 1 7 


28— 0 /-93 


1 JQ 


M 


5171695 

-«*C3 / ^C^j^ 1 
.L Of ?*f *{■ 


1 S— 1 2—92 


HP 


1 ^ 




c 


'I ri r7 o ^ 




r 






CCr 




^ f^-H-wP 


U 1 '™U*f"-V*^. 




ts 


O -1 1 /'I 

Tji; 1 1 U 


l5-"'06-94 


r J. 


L> 


26—09—94 


by 


AO 


BSC 30 00 


09-03-aa 


T ^1 

J F 


T2 


35O30B1 


1 1-07-91 


1 — ' J — J 


A 1 


27 \ 974 


22-06-SS 


E!P 


Bl 


271974 


03-03-93 


AT 


E 


B63S5 


15--03-93 


CA 


Al 


12B4620 


04-06-91 


DE 


CO 


37B4465 


08-04-93 


DE 


T2 


3734465 


17-06-93 


ES 


T3 


2039444 


01~10™93 


BB 


AO 


S6 1 9206 
S705B25 


17-09'-S6 


ZA 


A 


27-04-Sa 



BNSDOCID: <WO 951S377A1_I_> 



